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1. Introduction

The EWZ building was monitored as part of the European NatVentTM project to provide a
case study of a hybridly ventilated building as a possible solution for buildings situated in a
congested urban area where noise and pollution can be considered a problem.

2. Building description

The EWZ building (Elektrizitätswerk der Stadt Zurich, Zurich’s electricity board) was
completed in 1994. It is a multi-purpose building situated in Oerlikon in the northern part of
Zurich, in an urban area at the junction of two extremly busy roads (see Figure 1). It is a
seven storey triangular shaped building (five floors above ground level), with two sides facing
busy roads in a congested urban area. Due to it’s location with two sides facing busy roads it
is designed to protect the occupants from noise and air pollution. Another important goal of
the architects and designers was to minimize the energy consumption.

This building was designed by the team of Atelier WW and Gruenberg & Partner. With their
effective energy concept and sound ecologically approach they became the winners of the
design competition, launched in 1984 by the EWZ for designing this new multi-use building.

Figure 1: The traffic-exposed sides of the EWZ building in Zurich

The facades provide a noise barrier and four atria are included, two on the northside, two on
the southside, to provide maximum daylighting and natural ventilation. These atriums are
mechanically ventilated, but provide manual window access from the surrounding office
space, with individual window opening by the occupants. The inlet air to the atria is beeing
filtrated in order to meet the demands of eliminating the air pollution. By combining natural
and mechanical ventilation in this way, no conventional air conditioning system are needed in
the offices and therefor was no ductwork neccesary.
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Figure 2: Aerial view of the EWZ building

The building has a floor area of 18000 m2 with a total office area of 7000 m2 on which 360
people perform administration and workshop functions (see Table 1).

Built volume 70'000 m3

Number of floor 7 (5 above ground level)

Employees 360

Total floor area of the building 18'000 m2

Office space 7'000 m2

Building services, control rooms, Maintenance 1'880 m2

Table 1: Some details of the building size

The most important features of the design include:

• Solid type,

• Double skinned exterior wall to provide high heat storage capacity,

• Very good thermal insulation,

• Natural daylighting philosophy, with controlled artificial light,

• Horizontal light shelves.
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3. Ventilation Philosophy and Aims

The EWZ building is a hybridly ventilated building, combining mechanical and natural
ventilation. Four atria are used to naturally ventilate the offices surrounding them. The few
offices which do not face an atrium are mechanically ventilated (see Figure 3).

A two steps’ hybrid ventilation concept was chosen to meet energy and comfort demands:

1. decentralised ventilation units are used to reduce ductwork and energy use.

2. the four atria are mechanically ventilated, but provide manual window access to the
surrounding offices which are naturally ventilated.

Figure 3: Plan view of the building (2 nd floor) and hybrid ventilation concept

The main target of this project was to design an energy efficient multi-use building, both in
construction and in use (see Table 2). Clearly the focus was set on a low energy consumption,
because the owner offers not only electricity but also consults consumers in energy saving
methods. After completion of the building, the aim is to achieve further energy savings during
operation together with good indoor environment. Since the site is very exposed to traffic
with high noise and pollution loads, a natural ventilation concept with window airing  was
assumed not to be enough to provide an acceptable comfort level. Therefore the design team
came up with atria concept. The idea was to provide a controlled „outdoor“climate in the atria
and window airing facing offices.

Heated area 14'220 m2

Cooled area 7'110 m2

Naturally ventilated area 7'110 m2

Atrium air change in summer 5 h-1

Atrium air change in winter 2.5 h-1

Heat peak power 560 kW

Heat peak power per area 39 W/m2

Peak cooling load 310 kW

Table 2: Some details of the building HVAC
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Usually in Switzerland 20% of the building costs are spent for technical installation , i.e.
HVAC installations. For EWZ building, from the total building costs of 73 Million CHF, 14.4
Million CHF were spent for the building services (the building services costs are listed in the
Table 3 in terms of the different installations). Compared with the 360 work spaces in the
building, a work space price of 200'000 CHF results, reflecting the high constructional
standard of the building.

Total 73.0 Million CHF

Building services 14.4 Million CHF

Heating 1.4 Million CHF

Cooling 1.0 Million CHF

Ventilation 3.4 Million CHF

Sanitary 1.4 Million CHF

Electricity 5.9 Million CHF

BEMS 1.2 Million CHF

Measurements 0.1 Million CHF

Table 3: Some details of the building costs

4. Ventilation Technology

The atria are mechanically ventilated during the working hours through two step fans (see
Figure 4). The mechanical ventilation system is equiped with a central heat recovery unit for
the heating season and a cooling machine with ice stack for the cooling season.

On the top of the atria the heat exchanger recovers heat from the exhaust air (see Figure 5).
Exhaust air is extracted at point E and flows through heat exchanger F. Fresh air goes through
F and is blown downwards to the inlet points G.

To reduce solar impact there are motorised shading devices on the side walls and atria roofs.

Ventilation, lighting and temperature are continuously monitored and processed by the
building management and control system.

Business hours
M ech an ica l ven tila tion

w ith  h eat
recovery an d  cen tra l coolin g

Nig ht
N atu ral ven tila tion

b y w in d ow op en in g

Atria

N atu ra l ven tila tion
b y m an u al op en in g
th e win d ows  fac in g

to th e a tria

Offices

Ventila tion concept

Figure 4: Ventilation concept
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The design ventilation rate for the winter situation of 5250 m3/h (fans work at half speed) e.g.
in atrium 1 and 2 each is equivalent to 2.5 h-1 if only the atrium is considered to be active
(Vactive = 2000 m3) or 0.75 h-1 under the assumption that all offices facing the atrium are
connected to it (Vactive = 7000 m3). Assuming about 80 occupants in the office surrounding the
atrium (high estimate), a ventilation rate of 66 m3/h per person results.

The window openings were designed to have 3 air changes with one window completely
opened in each office (area of one window 0.7 m2, two windows per axis, volume per axis 27
m3). This should allow for a sufficient air change betweeen the atrium and the offices in
summertime. However, for indoor air quality purposes, it is sufficient either to have the
window in tilted position (approximately 10 % of the total surface is activ) or to open the
windows in certain intervals only.

A Atrium inner shading (fabric) F Air conditioning unit

B Light shelves G Atrium air supply

C Noise absorber H Atrium fan unit

D Light reflecting ceiling in office zone T Temperature measuring point

E Air inlet

Figure 5: Section of one of the atriums with its surrounding offices

Under normal conditions the fans run on half speed, providing 5250 m3/h fresh air to each
atrium. In a hot weather (too high temperature in the atrium) the fan will run on full speed
(10500 m3/h). In addition when in summer the air temperatures exceed a set atrium air
temperature, also the roof windows (see Figure 6) will open to let the hot air escape.
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The directly mechanically ventilated offices have a demand controlled ventilation system for
each office. For a typical single person office, the air flow rates are between 40 and 200 m3/h
depending on the excess temperature in the room. The radiator valve of the heating system is
also attached to this system.

Figure 6: Windows and fans on top of the atria

To be able to eliminate the noice and air pollution from the traffic a solution using 4 atrium
was chosen. The atrium glasses absorb and reflect the daylight and these light losses must be
compensated for. A daylight guiding system which effective make use of the daylight is used
in order to bring as much light as possible into the offices. Horizontal lightshelves were
integrated into the window design, lightreflectors on the outer glasses and counterreflectors at
the inner glasses. This lead to an increase of the average indoor daylight factor with 24% and
an equivalent reduction of the electricity demand compared to the situation without
lightshelves and reflectors.

Figure 7: Inner view of the atrium with air outlets in the floor
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4.1 Summer ‘Cooling’ strategy:

Ice stack is loaded during the night to cool during the hotter days and then the atria are then
mechanically ventilated during the working hours with a projected air exchange rate of 5 h-1.

To properly mix the air in the atria and provide a comfortable climate on the top floor as well,
ventilators were installed in the 24 m tall atria (see point H in Figure 5 and Figure 6).

In addition night cooling is applied by automatically opening the side and top windows of the
atria. The active cross sections are with 1 m2 at the wall windows (3 m above ground for
security reasons) and 1 m2 at the roof windows (24 m above ground) rather small.

4.2 Winter ‘Heating’ strategy:

In the winter the atria are mechanically ventilated with a projected air change rate of 2.5 h-1

and the offices facing the atrium are then natural ventilated by manually open the windows.
The offices are heated by normal convectors situated under the windows.

The mechanical ventilation system equiped with a central heat recovery unit for the heating
season is shown in Figure 8.

Figure 8: Detail of the heat recovery system

5. Offices Monitored

From the total of 200 offices and 4 atria, one atrium (called „atrium 2“) and surrounding
offices were chosen to be fully monitored in order to obtain a reasonable analysis of this
hybrid ventilated building.

The offices surrounding atrium 2 and situated on first, second and fourth floor and the atrium
itself were selected to investigate this building. All offices face the south side of the atrium as
well.

At atrium 1 three offices on the same floors as at atrium 2 were monitored, but only indoor
temperature was measured in order to get reference points.
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Measurements at atrium 2 included indoor temperature, indoor air velocity, indoor air quality
(CO2 concentration) and ventilation rates continiously during one week in the summer and
one week in winter.

Two offices at atrium 2, one on the 1st and one on the 2nd floor, have been taken
representatively for the monitored offices: one for winter and one for summer. Each office
was occupied by one person whose activities consisted of normal administrative work with
little physical impact.

6. Ventilation

Since all the atria are mechanically ventilated during the working hours, the ventilation rate in
the atria is constant. In the offices just two natural ventilation pattern are in general allowed:

1. single-sided single opening ventilation and

2. cross ventilation.

Figure 9: Single-sided single ventilation and cross ventilation in the offices depening on the
windows’ and doors’ openings

Both ventilation flows can be chosen by the users closing the door or leaving it open.

Figure 10 shows both possible ventilations: in the office 109 (atrium 2, 1st floor) the door to
the internal gallery was usually closed, one window closed and one window tilted, in the
office 209 (atrium 2, 2nd floor) the door to the internal gallery was left open for a certain time
and then closed and two of the three windows were closed while one of them was often fully
open.

In these both cases following air changes were measured (see Table 4):

Ventilation Door

closed open

Office 109 closed

Single-sided single opening ventilation Window tilted 1 [ach]

open

Office 209 closed

Cross ventilation Window tilted

open 6 [ach] 12 [ach]

Table 4: Monitored air change rates in the offices 109 (atrium 2, 1 st floor) and 209 (atrium 2, 2 nd

floor) depending on the opening surfaces
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Figure 10: Single-sided single opening ventilation (office 109) and cross ventilation (office 209)
in the offices

7. Summer Monitoring Results

7.1 Thermal comfort and air quality

During summer, a good thermal comfort was observed; indoor temperature never passed the
projected value of 28°C, even in long hot summer periods. Draft problems were in general
observed just in the offices where the doors to the internal gallery were left open (cross
ventilation case); the indoor air velocity was for all other cases (single-sided single opening
ventilation) in general very small during the working hours. No indoor air quality problems
were observed in the offices: the CO2 concentration was never more than 600 ppm.

Since the indoor temperatures and the CO2 concentrations were always within the in general
valable comfort ranges, the cross ventilation (generated by the user leaving his office door
open) can be considered just as a sign of a different comfort perception and not as a problem.

7.2 Natural ventilation and thermal comfort

No thermal comfort problems were observed during the monitored period. On the other side
night cooling took place in general only in the atria and in the few offices from which the
windows were manually left open during the night. Because of closed offices windows no
night cooling could be guaranteed in the offices. It is then assumed that a big part of the
needed cooling was achieved thanks to the partial mechanical cooling.

7.3 Natural ventilation and indoor air quality

No indoor air quality problems were observed during the monitored period. The small
coefficient people per m2 and a good user dynamical reaction gave a good air quality with just
less window operations.
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Figure 11: Summer  monitoring results in the office 209 (July 1997)

8. Winter Monitoring Results

8.1 Thermal comfort and air quality

During wintertime the temperature and the CO2 concentration were generally on an
acceptable level. In winter the maximal values for CO2 concentration were around 600 ppm.
On the other hand thermal condition was sometimes influenced by solar radiation coming
through the atria glasses. In the middle of the winter sunny days’ (in general between 12 a.m.
and 2 p.m.) temperatures around 27 degrees were reached. From the thermal point of view
these temperature increases cannot be considered as a big problem.

8.2 Natural ventilation and thermal comfort

Thermal comfort was good during winter, only on days when the sun radiation was high, the
offices became lightly in general neglectable overheated.

8.3 Natural ventilation and indoor air quality

The air change rate was constant during the measuring period. For most of the offices, the
users had often chosen a certain window position for which the air quality was proven to be
good. A typical chosen air change was 0.5 h-1.
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Figure 12: Winter monitoring results in the office 109 (February 1997)

9. Night cooling

During the working hours in summer a certain temperature stratification was noticed in the
atrium. The temperatures were in general between 22 and 28 °C depending on the height
above ground. Overheating problems were observed just on the top of the atrium (in general
only the last two meters) where sometimes temperatures of 30 were reached. Figure 13 shows
the measured values in summer (the first four days and the lasts three days were working
days, the two days in the middle corrisponds to the weekend).

Since the mechanical ventilation and cooling is not working during the weekend and the atria
are natural ventilated opening the atria windows, working days and weekends are
characterised by two different pattern and the stratification can be observed just during the
working days.

The natural night ventilation in the atrium (see Figure 14) is applied opening the atrium
windows on the roof and at the bottom level during the night (between 10 p.m. and 6 a.m. and
if the temperature difference between atrium and outside is more than +3 °C). During the
working hours the mechanical ventilation of the atrium is working and the atrium windows
are therefore closed.

In general the night ventilation in the atrium was rarely used (see Figure 15) because just
sometimes both conditions were satified.
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Figure 13: Temperatures in the atrium in summer
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Figure 14: Mechanical Ventilation and Atrium WIndow Status depending on the Atrium and
Outside Temperatures
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Figure 15: Window Status depending on the temperature difference between Atrium
Temperature and Outside Temperature

10. Evaluation of Occupants’ Reactions

The appreciation of the occupants is in general very good, since at no time the air quality or
temperatures reached an annoying level. The occupants also appreciated the possibility of
manually opening the windows and therefore to control the air quality in their own offices.

The only small problem the users perceived was with the control of the internal shading
devices of the atrium; they did not close on time, which caused to high solar direct
illumination disturbing sometimes the work with the computer as well as sometimes too high
temperatures on the directly illuminated working spaces around midday.

11. Lessons Learnt

Obstructions

It is noticed that because of the manually controlled office windows, night cooling only takes
place in the atria and in the few office rooms whose windows have been opened leaving the
office. The closed office windows and doors form a large obstruction for the natural night
cooling.

Night cooling

Night ventilation strategy and the conditons for which night ventilation should be applied
should be chosen with accurancy trying to achieve the best night cooling strategy, that means:

1. thermal mass: exposed,

2. air change: intensive as possible

3. air change: as long as possible.
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Atria windows

Thanks to the architecture the stack effect in the atria can be considered to provide a
sufficiently strong force for natural ventilation.

Solar radiation

The shading devices, which close automatically, did not close at the right time. This results
that offices are sometimes lightly overheated and illuminated with too much direct sun light.

Lightly overheating in winter

A lightly overheating effect could appear in winter at around midday depending on the solar
intensity.

12. Suggested Improvements

Office windows

The windows and doors of the offices facing the atria could be automatically opened at night.
This would take away the biggest obstructions for night cooling. When also all the offices are
nightcooled, the thermal mass and hence the cooling efficiency would increase. Mechanical
ventilation and therefore energy use would be reduced.

Atria windows

A reconsideration of the opening dimension could increase the force for night ventilation
resulting in a better natural night cooling.

Solar radiation

In order to reduce the lightly overheating effect of solar radiation in combination with heating,
the shading devices on the atria should be closed earlier.

Lightly overheating in winter

The lightly overheating effect in winter could be reduced operating the shading devices of the
atria around midday.

Night cooling

Some details of the night ventilation strategy (e.g. the temperature condition) should be
reconsidered to achieve a high night cooling efficiency and to reduce the mechanical cooling
energy.

13. Conclusions

General impression

The EWZ building is a good example of a pragmatic approach. The concept provides high
quality indoor comfort at any external condition. Focus is set on a low overall energy
consumption and a high comfort level.

Occupant Reactions

The appreciation of the occupants is very high thanks to the possibility of manually opening
the windows.
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Energy consumption

The EWZ building can be considered as a building with low energy consumption. The energy
consumption for heating is 162 MJ/m2.a, electricity 261 MJ/m2.a, and there are still
possibilities for further savings.

A reduction of the energy consumption can be achieved by operating an optimisation on the
heating level in winter and electricity consumption for the cooling and for the mechanical
ventilation.

Figure 16: Annual energy consumption for heating and electricity
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